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RELATI ONS ' BETWESIT SHIP ■■DESIGN AND SEAPLANE DESIGN* 

By Georg Schriadel '* 

Seaplanes, "because of their speed, seem especially 
adapted to supplement traffic by ship. However, they have 
hitherto "been lacking, to st considerable extent in safety, 
economy, and range. Especially must their seaworthiness 
be 'improved , since forced landings on -the wat ef" cannot "be 
•avoided, and without seaworthiness, frequent total losses 
must be expected. Consequently, high insurance premiums' 
and a lack of freight and passengers are to be expected. 
Our 'comparisons will accordingly be limi ted ' to 'larg^ sea- 
planes of at least ton metric- toriS (22 ,046 lb *) -flying 
weight'. ■ ' • ' 

The seaplane' should 'be : 'd : e signed as 'a' pronounced "long- 
distance aircraft with a large 'aspect "ratio of the - wings 
and a minimum .drag. The propeller efficiency should be as 
great as" possible' and the fuel • consumption per - kilometer 
(or mile) -as small as possible.** - ; •' 

Such • a seaplane shoiild al so 'have ■ sat'i s'f ac t ory st abil - 
ity and "seaworthiness on the water water- tight bulkheads, 
fire protection, adequate strength in a seaway and ade- 
quat e life- saving and "radio equipment . -.It should be clear- 
ly understood, however ,•' that safety is only relative and 
that- there ' i s no-absolute safety. 



* 11 Zusammenhange zwischen Schif'fbau 'und Seef lugz e'ugbau^ " : 
Zeitschrift fur Flugtechni'k und H 0 t orluft schiffahrt ,- Aug- 
ust 14, 1931, pp. 453-458.'' 

**Hof f ; . "Das Gro ssf lugbo ot , 11 -.a. paper read b.ef ore : the t Ges 
d§r Freunde und Ford.- der /Kami . ; Schif f bau-Ver s . -Anst.alt , • 
1927i tferf t-Reederei.-Haf en fj : .V.ol. VIII , . 1927,. pp . , 504-51 6;; 

. Kussner: "Das wirt sc'haf t'l'iche" Ozeanf lugzeug; " Zeitsdhrift 
-fur Flugtechnik und .Mot orluft schiffahrt , .Vol... XIX,. 1928,. 
pp* - 513-530. : : : 
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I . Stability :v , . 

- Stability means the ability -of-, a floating body to 
right itself after a disturbance of its equilibrium; The 
sta.tic stability of a. floating., body is measured by the 
restoring moment. This has two components; stability of 
form and stability of weight. For small inclinations, 
we. have the. formula . : 

Mst ~ BM sin ^ i" W BG sin jz( = W GM sin 4 ■' 

3G being the distance .between' the centers, of gravity and 
buoyancy, W the. weight, and GM the metacentric height, 
(Fig, 1.) 

In seaplanes; B.G is generally very large, so that . 
the negativ.e sign applies. Hence it is generally very ( 
difficult to secure adequate stability in a seaplane wi'th 
only a central hull. Twin floats or some other means of 
adding stability such as sponsons or side floats must be 
used,- in order to produce an additional restoring moment, 

figure 2 shows the r elat ive stabilities for a cer- 
tain draft,* The rolling momen.t" * of the f .wind ..pressure on 
a wing is also shown. In every case tlie're seems to be' 
'adequate-- stability and safety against, capsizing. It must 
be . remembered, however, that long-^di stance 'airplanes re- 
quire a very heavy fuel load, amounting to. about. 40$ of. 
the take-off load. Stabilizers should therefore be ef- 
fective for a wide range of drafts. They must according- 
ly have a considerable depth s as their efficacy i s de- 
stroyed when they are submerged. 

It is possible to make a twin-float seaplane with 
satisfactory stability, but the freeboard must be high 
enough,, so that it will not nose under when starting in 
a seaway* The. di sadvant age of this arrangement lies in 
the weight and high cost of the two floats* The resist- 
ance in both air and water is also gi cater than for other 
types* (Figc 3 0 ) The se ..f act or s have greatly hindered 
the ' devel opment of large seaworthy jbwin-floab seaplanes. 
'Because of these- disadvantages, twin floats are not suit- 
able -for long-distance seaplanes* On the other hand, 



*Garner and Coombes: "Seaplane Hulls and Fl oats 0 ^ . Air- 
craft Engineering, London, Vol. II, 1930, ppV 193 r 223; ■ 
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twin floats are always prei etredV-on' : 'smkll seaplanes for- 
reasons of stability and seaworthiness , 

These di s advantage^ 1 'pertain ^ih- : a still higher degree 
to seaplanes with >bre 'ty^'tVo floats-.* : Such . seaplane s 
have poor seagoing chaf act 'e'rist ic^'a-nd^'impaired. strength 
for taking off and * landing' it? a' seaway©. 

The f lying boat ;'yi [frfr'Witfg;' stub 6 "is - 'esp.ec rally simple 
and economical, .'Th6re is 6iie ; considerable, difficulty, 
however , if the $ tab ill ty --i : s/HV; b^'-mai-nt ained -at different 
drafts. Since, the height of the sttibs is '.limited, the 
stability varies gireatiy at ;■" di'f f ererit;:dr af ts. For stabil- 
ity in taxying arid iii ; tafciiig'-'off they -require a rather 
large angle of attack (fig, 4), which causes great resist- 
ance both on the water and' 1 in'" th6 air.* Moreover, the 
boat-., is., endangered by the waves in taking off and in land- 
ing., ■. since.' the force of the' impacts • 'increase s as the cubo 
of., the.- linear "dimensions. The requisite -.strength i s very 
difficultly "at tainable , eVen' f or-' f lying boats of \ very 
la^rgd.. dimension's o Hence this -typo' bf seaplane is not suit- 
able. .* for Xong. 'flight s. ■ \X" 

. ...du.tside .of" (rermany , airplane s with supporting floats 
are pr e'f err'etd ,V" ' Recently 'such supporting floats have been 
placed near the* hull , with the retention of the wing-tip 
f loa/t s .an ..biplanes* Notwithstanding their slight resist- 
. : ance ...t o .-air " g.nd water, wing-tip floats should not be used 
t on • seaworthy . flying boats. The boats are tossed about vi- 
%! olently, and .the delicate wing tips are liable to be dam- 
aged* .Hence wing-tip floats are hot 1 desirable on mono- 
planes.** Inboard floats are' best, therefore, for sea- 
•wortny seaplanes. Their resistance can be greatly reduced 
by giving them'the proper form. 

In "view of the rolling moment produced by the wind ;'V; 
pressure and the requisite large aspect ratio, of the wings, 
seaplanes, should have tampering wings with high wing load- 
ing, (Fig. 5,) Protection of the* wing' tip when rolling 
and a favorable" - not too high - position .of the center of 



*Garner: ."Seaplane Hulls and Floats," Aircraft Eng., 
•1930V • .. " 

: Gouge-: * "The Design of Seaplanes." Aircraft Eng., 1930, 
p. .202,., '* 

%Re : nnie: "The Development of Long-Hange Flying Boats." 
Aeronautical Engineering., 1931, 

**3randt: "3rigiische'r und deutscher Flugboo tbau, " Luft- 
wacht, 1929. 
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gravity "can ••.he obtained, by .using a large dihedral angle. 
(Pig. 6.) '"■ ' 

r /By using these-, ideas regarding their construction, 
it seems possible .t-o bui I'd' large" stable flying, boats of 50 
metric tons (I10y231. l-b.) without auxiliary floats. The 
hull must then be made ^b.r.o'ader above 'the step.. 

• ; Becav.se, -of the air resistance, angular ship-shaped 
forms. of hulls ..and -floats" above the water line should be 
avoided, British experiments indicate that their tops 
should-be well, rounded. (Pigs. 1, 6,-&'7.) The drag is 
thus reduced about-20$, disregarding the interference drag 
due to the obstruction of the circulation about the wings.* 

. • . 3.. Propulsion 

In designing ships,, groat importanco ;i s accorded the 
safety of the- power, plant. ! On. freight steamers, it is 
completely separated from the rest of the ship by bulk- 
heads and shaft .tunnels. '.The power plants on seaplanes 
must be correspondingly well protected. The best way seems 
to consist in giving the engine and propeller- an elevated 
position. It is hardly possible to give a high position 
to the propeller' alone., due to the heavy and complicated 
driving - gear which would thus be necessitated. 

In seaplane design, it is difficult to locate the ra- 
diator in the propeller slipstream, where it must be placed, 
in order -to have sufficient cooling effect while taxying. 
Prontal radiators are known to have a very high resistance* 
If the radiator is suspended directly before or behind the 
propeller, the efficiency of the propeller is greatly re- 
duced. It is therefore desirable to install the radiator 
at a sufficient distance from the propeller. In the case 
of a' pusher propeller, the loss is then partially recover- 
able. It is also possible to use radiators of the Brit- 
ish type, with, which .a down-flow of the propeller slip- 
stream is possible. Likewi se , • sur f aco radiators, in the 
leading edge of ' the wing or on the engine support, arc de- 
sirable.. 

Another important improvement consists in the intro- 
ductipn of the Junkers heavy-oil engine with its. low fuel 
consumption. Despite- the greater weight of the engine, 

nUtchel: "Racing Seaplanes and Their Influence, on Design." 
Aeronautical Engineering (Aeroplane), 1929. 
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it considerably increases- the- rango^ of long-di stanco air- 
planes, as likewiso the economy of operation. 

3. Water-Tight Bulkheads 

Wat err- tight compartments greatly increase the safety 
of seaplanes. This point has recently received much atten 
tion from .ship designers and. has been the main theme of in- 
ternational confer once s . 

The requisite degree of protection by- water-tight, sub 
divisions for passenger ships-is determined by- -the length 
and speed of the ship and the number of passengers. The.-- 
distribution of the water-tight compartments will also do- 
pond on the liability of the different parts of - the ship., 
to injury,* For seaplanes the speed can havo no influoneo 
on the requisito degree of safety, but the size of tho 
soaplano and tho number of passengers nmst be considered. 
One wator-tight compartment is sufficient for a small sea- 
plane and two for a large soaplano', i.e., one or two com- 
partments may spring aleak without danger of the craft- • 
sinking. In seaplanes, the. portion near the step is espe- 
cially liable to injury from take-off and landing impacts, 
3ven. in middlesized. seaplanes, this portion should be; so 
divided that two compartments can be flooded without dan- 
ger of sinking. Very large seaplanes may have a double 
bottom in the vicinity- of, the .step.. Moreover, provision 
must be made for- preserving, the stability of the., seaplane, 
in the event of the flooding of one compartment, in .the 
hul.l or stabilizing floats., and., by wing tanks in- case two 
compartment s . are . fl-Q.od.ed. .-. Openings- in the bulkheads 
should he- closed by.- sliding, door s, because hinged- doors 
are not. safe enough. . It should be. possible to closo the- 
bulkhead, doors from cither side or from above.. 

4i Protection, against Fire 

Easily inflammable fuels, like gasoline, should be 
stored outside the fuselage., as on submarines, the wing 
bein$ well adapted to this purpose. Fre sh . air must cir- 
culate on all sides of the tanks. . . , 



ii 

*Laas: "Die Schwimmf ahigkei t der Fahrgast schif fe , " S.T.G. 

1929. 

' Xonigs: "i)er ;Tnternat i onale' Vertr ag zum Schultz des men- 
schlichen Lebenfe auf : See , " S.T;Gv 1930. 
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5.. Construction : . 

The ratio of the frame spacing to the. plate thick- 
ness ranges: 

in ships, from 30:1 to \'80:1 

» seaplanes, from 200:1 " ' J '800:1. 

Ships are built with plates which resist shear and com- 
pression; aircraft .Wi-th a thin skin. Whereas-' the ship de- 
signer strives, to prevent, buckling under normal, stresses, 
the aircraft designer uses constructions with corruga- 
tions in the skin, ' Hence such constructional features as 
lightening holes in the webs should ' ixot : be used by ship 
designer s. ■ 

Hulls and floats' are how mado entirely of metal,- 
though the. more economical wood construction is still suc- 
cessfully • employed. The cM.of ■'advantage of metal con- 
struction is . the facility of producing very smooth sur- 
faces, thus, diminishing the ' re si stance.. A beginning has • 
recently been made in England in the use of rustproof steel 
in place of light alloys, for surfaces below the water, in 
order to avoid corrosion.. 

Increases in size have hitherto been made without re- 
gard to economy or risk. Under the pressure of economy 
no. further increase in size is to be expected, but rather 
a decrease. I think it is better to develop the long- 
distance seaplane first and then undertake to increase its 
dimensions. The Rohrbach Romar , built for the French, is 
capable of making a nonstop flight of -about 3500 km (2175 
miles) with a useful load of 800 kg (1764 lb.), a total 
starting weight of 19,700 kg (43,431 lb.) and a fuel con- 
sumption of 7200 kg (15,873 lb.) at a crui-sing speed of 
ISO km (about 100 miles) per hour. 

According to British experiments, .the resistance is 
considerably reduced by rounding the hull and floats-. The 
resistance and propeller efficiency seem to bo capable of 
further improvement by improving the radiator, and a sav- 
ing in weight soems to be possible by bracing the wing. 

Under these conditions a considerable increase in 
flight range and speed may be .expected*- The flight range 
can be increased to about 5000 km (3100 mi.) simply by 
using the Junkers oil engine. 
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In conclusion. I wish to call attention to the fact 
that Bri ti sh; flying-boat ' designer s' have recently expressed 
views which are in part similar to those here enunciated. 
Seaowrthy long-distance seaplanes* require the monoplane 
type of construction with high wing and tail and protec- 
tion, of. the power-plant from the waves. The stability of 
the. null must be insured by floats. It is believed that 
the resistance of such a fiying boat is less- than that of 
a lan dp lane. 

This is the trend of " the most recent products of the 
Blackburn Aeroplane and Motor Co., Ltd.*, Saunders Roc,** 
and the Supermarine Aviation Works.*** 

mm Whiiey'the; f ir st z two companies have already complet ed 
f lying, 'bo kt's of*, the hew typfc, the Supermarine Aviation 
Wbrks'' .has' recently received from the very conservative 
3ri t'i sK.Ai r . Mini s try 'ah order for the construction of a 
.large ' ilying; 'boat' : witji 'ia span of . 53 m (about 174 ft.), 
'an engine' power " of ' 5' 4:00 hp , arid a speed of 235 km (145 mi.) 
per .hour..'. 

... Discussion 

Mr". Or o seek: . In shipbuilding it is generally suffi- 
cient to consider; only the static stability. The differ- 
ences in shape and structure are slight. The static- 
stability .moments Mil differ but slightly from one an- 
other -for the' ; same initial stability. The inertia forces 
will also- "be of the same, order of magnitude. 

In seaplane construction', the shape and arrangement 
of the flotation gear vary greatly. The st ati c- st abili ty 
moments may differ greatly for the same displacement and 
initial stability. Considerable variations in the iner- 
tia moments can be effected by varying the arrangement of. 
the flotation .gear , airfoils and power plant. As a crite- 
rion for the requisite st abili ty , he wover , there is the 
fact that large inclinations in forced oscillations in the 
seaway must, be avoided. 



*Qf.: ."A .British' Reconnaissance Boat." Aircraft Eng., 
( 1?30,-. p., 201 .- 

**Cf !'A' Flying Boat ' Series. «; Aircraft .Eng. ," 1930, p. 

199. ■■ . , . ' \: . 

***Cf.: : "Aeronautics in 1930." The Engineer, Jan., 1931. 
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Synchronism between the wave period and the natural 
rolling period is dangerous. .In shipbuilding, therefore, 
it ,is . endeavored tq keep the inertia radius large and the 
metacentric. height small. This produces long rolling 
periods with respect to the wave period, The inertia ra- 
dius is limited in seaplane construction. This leads to 
large met acentric ' hei ght s«. The natural period of roll is 
very short. The motions are similar to those of a raft. 

The flotation gear, hitherto tested and shaped only 
for taking off and landing, should also bo tested for taxy- 
ing f rolling, and lying, at anchor. 

Dr.- 3ader: From the viewpoint presented by Professor 
Schnadei, it is not easy * to under stand why " seaplanes 
should be made with wing stubs. It is hardly necessary to 
mention here that., from , the purely aerodynamic viewpoint, 
the inboard, float 'offers' less resistance, due to its long- 
er lever arm corresponding to the smaller buoyancy re- 
quired for producing the same stabilizing moment. In this 
connection, however, ' at tention should be called to the 
fact that, with inboard floats, the stabilizing moment 
must be transmitted through a much longer distance 'to the 
hull, which necessitates a considerable weight increase 
for a given degree of strength. Consequently, the struc- 
ture is not so strong as is possible with stubs with their 
broad bases applied directly to the hull, and the support- 
ing floats might accidentally be torn off. Inboard floats 
are also more liable to nose under in a seaway than stubs 
located at the right height and set at the right angle. 
The aerodynamic disadvantage of a large angle of setting 
for the stubs, as claimed by the lecturer is, in fact, not 
upheld by tests. Moreover, the stability under different 
loads varies but slightly and .at the greatest angles of 
heel .at which the wing touches the water, is practically 
the same. 

Sliding doors for the bulkheads, as in a ship, seem 
inexpedient for the weaker hulls of seaplanes. Hinged 
doors can be made to shut more . tightly . 

Dr . Grulich: With the development of more reliable 
long-distance seaplanes, their seaworthiness becomes less 
important. Constructors should endeavor to make seaplanes 
so reliable in flight that forced landings will not occur. 
Especially in large seaplanes, such as will be ( necessary 
in future for transoceanic flight, this can be attained by 
making the wing structure and the power plant sufficiently 
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strong and "by providing enough r e serve* power : so that the 
seaplane can fly with one or more engines stopped. Fur- 
thermore the engines can "be mounted- In ; the wing' 'so as to 
he accessible in flight. 

The propellers can he protected from spray by being ' 
located near the trailing edge of the wing, A lower "de~ • 
gree of seaworthiness will then suffice; 

Dr . Carl Top f er : , I am especially interested in the 
statement of Professor Schnadel regarding tho increase in ' 
the apparent resistance of the complete seaplane as com- '■ 
pared with the sum of the resistances of the separate 
parts. To what angle of attack docs the stated value of 
40$ correspond? It is only apparent rosi stance , "because 
it is really additional "induced drag" due to the disturb- 
ance of the elliptical lift distribution. In order to es- 
tablish this, the relation of the angle of attack would 
have to be known. Additional induced drag is important 
for seaplanes, because it has the greatest effect on the 
take-off and landing ability at low speed, i.e.-, at largo 
angles of attack. The disturbance of tho elliptical lift 
distribution by fusolago, hull and floats must .thorofore 
receive particular attontion in the designing of soaplanos. 

Professor Schnadel (concluding remarks) : Regarding 
tho comments of Llr. Crosock, I would only remark that tho 
stability of a ship may vary greatly according to whether 
it is traveling in ballast or fully loaded. Ships with a 
low freeboard should always be investigated for dynamic 
stability, The periods of roll differ groatly according 
to the size of tho ship and the stato of loading. 

To Dr • Bader I would say that the weight increase due 
to the uso of inboard floats is small, because the wing 
spars arc alroady largo so as to withstand tho aerodynam- 
ic forces. The landing impact on the floats can bo great- 
ly reduced by shaping their bottoms correctly, so that 
'there need bo no foar of damage. If rightly formed, there 
is no danger of nosing under in a soaway. 

Hy statements regarding the air resistance of wing 
stubs are indirectly confirmed in Dr. Dornier's lectures, 
in which the considerable lift is mentioned. The unfavor- 
able aspect ratio, however, results in a rather large in- 
duced drag. 
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I agree with Dr . ..Grulich. tiiat the flight character- 
istics of seaplanes should fi'r,st ^ he;* improved, and that the 
seaworthiness should' then, he.' made* .a's great as "possible. 

In reply to Dr, Topfer, I would* say that' the total 
drag, of the seaplane was 14$.. (not 40$) .greater , than .the 
sum of the drags of the separate .parts .' 



Translation by Dwight. H. Miner, 
Ifati.onal Advi sory Committee 
for Aeronautics. 
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a, Inboard floats. 

b, Wing tip floats. 

c, Twin floats. 

d, Stubs. 

e, Rolling moment due to 
40 m. p. h. ' wind, inclined 
30° to aircraft. 
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Fig. 2 Comparitive lateral stability of a twin engined flying boat, 
with various types of stabilizers. Weight ,14, 300 lb. 
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a, Hull with stubs. 

b, Twin floats. 

c, Hull and inboard floats. 

d, Hull and wing tip floats. 
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Fig. 3 CoiBparitive resistance of various types of lateral stabilizers. 



1!,A.C.A. Technical Memorandum No. 645 



Figs. 4, 5, 6, 7 
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Fig. 5 Rolling moments for different 
wing shapes and wing loading. 




Fig. 6 Large angle of 
inclination a 
with dihedral. 




Fig. 7 British hulls 

with well-rounded 
tops. 



